could have induced favorable temperature conditions for Sargassum blooms. These favorable conditions were then fed by additional continental nutrients inputs, principally from the Amazon River. These continental nutrients load are the consequences 10 of deforestation, agroindustrial and urban activities in the Amazonian forest. The results also suggest that subsurface intake of nutrients from the equatorial upwelling could also contribute to the blooms of the Sargassum seaweed in the Atlantic Ocean but further studies are needed to confirm these additional inputs.
land. Nevertheless, Sargassum natans is more nitrate than phosphate limited Lapointe (1995) . Smetacek and Zingone (2013) have also observed that the increase of Sargassum natans and Sargassum fluitans is related to higher nutrients inputs from the Mississippi River in the Gulf of Mexico.
In addition to nutrients from rivers and equatorial upwelling, African atmospheric dust, the world's largest dust source (Prospero et al., 2014) , has been also proposed to be a potential cause for the recent Sargassum blooms in the tropical North Atlantic (Johnson et al., 2013; Franks et al., 2014; Oxenford et al., 2015) . The African dust transport has been found to cause a significant degradation of soils while the re-sedimentation provides a supply of nutrients (iron, phosphate) to terrestrial ecosystems and an increase in fertility in the area of dust settlement, as observed for the Amazon forest (Swap et al., 1992; Scheuvens et al., 2013) . Nevertheless, the amount of these nutrients inputs is significantly less than the one provided by tropical rivers and equatorial upwelling (Prospero et al., 2014; Yu and al., 2015) . Furthermore, the African aerosol transport 10 has decreased over the past two decades since the peak in the 1980s (Hsu et al., 2012; Chin et al., 2014) . Using AVHRR satellite, Ridley et al. (2014) have observed a decreased of 10 % per decade from 1982 to . Evan et al. (2016 have also found a significant downward trend in African dust emission and transport related to an increase of the greenhouse gas concentrations over the twenty-first century. The results of Wang et al. (2012) suggest a possible explanation of this mechanism for the North Atlantic sea surface temperature (SST). Indeed, a warm (cold) North Atlantic SST produces a wet (dry) condition over Sahel 15 which induces a low (high) concentration of dust in the tropical North Atlantic.
The blooms of Sargassum in the tropical Atlantic could also be due to a warmer SST associated with nutrient-enriched oceans, induced by the continental runoff in addition to urban and agro-industrial sources (Sissini et al., 2017) . Nevertheless, these authors mentioned that alternative hypotheses need to be considered, for example for Sargassum originating from the Mexican coast, as there is no evidence of drift from north to south. These authors concluded that the Sargassum bloom events 20 are still unknown and more information are required. It is therefore important to continue the investigation and to explore new tracks. This paper focuses on the analysis of observations, model outputs of hydrological parameters and ocean conditions over the tropical Atlantic basin, in order to investigate climate variations, trends or events and their potential feedback on the recent Sargassum blooms and mass strandings. The following section describes the datasets and the methodology used for this study.
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In section 3 the major (main) results of this study are presented, before a discussion and a summary in the last section.
Materials and methods
To investigate the potential effects of climate variations and events on the recent occurrence of Sargassum blooms, interannual variability of oceanic and atmospheric state-variables have been analyzed.
Sea Surface Temperature and wind stress data

30
The monthly SST and wind stress data used herein are provided by the latest update of TropFlux (Air-Sea Fluxes for the Global Tropical Oceans), products from the ESSO-Indian National Centre for Ocean Information Services. This dataset is 3 Biogeosciences Discuss., https://doi.org /10.5194/bg-2017- 
River discharges
In order to evaluate rivers discharges and variability and their influence on the Sargassum blooms, the products from the French
15
HYBAM "Geodynamical, hydrological and biogeochemical control of erosion/alteration and material transport in the Amazon, 
Nutrients load
Due to the lack of sufficient in situ nutrients data, continental nutrients loads were estimated from statistical modelling outputs.
Formulas (1)- (4) are applied for the fluxes of dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP) 25 from regression models, which were built using 165 water systems worldwide analysis, DIN and DIP information (Smith et al., 2003; Araujo et al., 2014) . Note that the works of Smith et al. (2003) and Araujo et al. (2014) are an update analysis of the Meybeck's DIN and DIP estimates deduced from 30 large rivers (Meybeck, 1982; Meybeck and Ragu, 1997) . The regression models used are based on the surface water systems runoffs and the population density. The interannual surface water systems runoffs are extracted from the ANA and the HYBAM data sets. The population density rates for the rivers basins were extracted from the five worldwide databases (refer to Smith et al. (2003) and Araujo et al. (2014) for more methodology details).
Log(DIN ) = 3.99 + 0.35 × Log(P ) + 0.75 × Log(R)
Log(DIP ) = 2.72 + 0.36 concentrations are then calculated using the following formula : All the monthly anomalies have been calculated by removing the climatological seasonal cycle, which is the most dominant 25 in the tropical Atlantic (Burls et al., 2011) , and calculated over the period 1993-2015, which is the common period of most all the variables at hand. 
Results
Sea Surface Temperature and climate indices
Water temperature is one of the most sensitive parameters that influence the Sargassum productivity (Gao and McKGao, 1994) .
To check for any trends or events specific to the Sargassum blooms years in the tropical Atlantic, the interannual anomalies of SSTs are analyzed (Fig. 1) . The spatio-temporal variability of the SST anomalies and the surface wind stress (Praveen Kumar to 2015), a positive phase (respectively a negative phase) of the AMM is observed (Fig. 2c ).
Rivers discharges and nutrients load
The analysis of the Amazon, Orinoco and Congo rivers discharges (the majors rivers off western and eastern tropical Atlantic) 30 (Araujo et al., 2014 ) is essential to better understand the origin of the Sargassum recent blooms because of the nutrients load.
Figure 3 presents the interannual (Fig. 3a) , the climatology (Fig. 3b ) and the anomalies of seasonal discharges (Fig. 3c) as inferred from the HYBAM observatory database. The interannual variability of the three discharges (Fig. 3a) shows that the (Gower et al., 2013; Wang and Hu, 2016) , when the Orinoco River low flow and the descending phase of the Congo River are observed. The mean seasonal anomalies of the Amazon River ( Fig. 3c) indicate that during the first year of Sargassum blooms in 2011 and Sargassum maximal spatial coverage amount in 2015 (Wang et al., 2012) , the normalized discharge anomalies are not significant, compare to the 50 % 10 of the discharge standard deviation. Only the mean values from July 2013 to December 2014 and July to September 2015 are more than 50 % of the discharge standard deviation.
Sargassum natans and Sargassum fluitans productivity is influenced by nutrients intake, and nitrate and phosphate have been found to enhance these algae's production (Lapointe, 1986; Gao and Nakahara, 1990; Lapointe, 1995; Smetacek and Zingone, 2013; Sissini et al., 2017) . But these latter are more nitrate limited than phosphate limiting (Lapointe, 1995) . (Fig. 4a) , and the Congo rivers (Fig. 4b ).
In addition to interannual variability, the mean seasonal anomalies of nitrate flux is also shown for the Amazon and the Congo rivers (Figures 4c-d) . These results are obtained from regression models built using 165 water systems worldwide analysis, and DIN and DIP information (Smith et al., 2003; Araujo et al., 2014) . 
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In addition to continental nutrients flux from the rivers, Fig. 5 exhibits results from the Copernicus-Marine MERCATOR GREEN products for the mean seasonal anomalies, related to the period 1998-2014: nitrate concentration in the NERR box ( Fig. 5a ) and in the equatorial upwelling region [2 (Fig. 5b) ; phosphate concentration in the NERR box ( Fig. 5c ) and in the equatorial upwelling region (Fig. 5d) ; iron concentration in the NERR box (Fig. 5e ) and chlorophyll concentration in the NERR box (Fig. 5f ). Due to the deepening of the thermocline in the west and its shoaling in the eastern basin, . Note that the variability of phosphate is usually similar to those of nitrate (Smith et al., 2003 ). An increase of iron concentration, from the African dust, in the western basin has also been proposed to be a potential cause of the 
Discussions and conclusions
20
The potential causes of the recent Sargassum blooms events in the tropical Atlantic Ocean are studied by the analysis of climate or environmental variations that could have generated these unprecedented and repetitive blooms. Indeed, mass strandings of the Sargassum natans and the Sargassum fluitans have been reported along the West Indies, the Caribbean and the West Africa coasts since 2011. These strandings have been shown to also come from a new area of Sargassum concentration, the North Equatorial Recirculation Region of the Atlantic Ocean (NERR) (Gower et al., 2013; Wang and Hu, 2016) . Sargassum 25 production, is influenced principally by irradiance, temperature and nutrients (Gao and Nakahara, 1990; Gao and McKGao, 1994) . Furthermore, Sargassum natans and Sargassum fluitans productivity is increased by an extra addition of nitrate and phosphate in the coastal waters, by nutrient loads from land (Lapointe, 1986 (Lapointe, , 1995 Smetacek and Zingone, 2013 ).
This study presents for the most part, interannual variability of observations and model outputs data of SSTs, climate indices and nutrients inputs (from rivers and equatorial upwelling region) and their potential effects on the Sargassum blooms. This warming of the SST could have been in favor of Sargassum blooms by assuming that the optimum growth temperature for Sargassum natans and Sargassum fluitans has been reached. Note that this optimal Sargassum growth temperature is not well defined. Furthermore, the effect of temperature on Sargassum growth seems to be related to nutrient conditions. Indeed, it has The study also addresses the relative importance of nutrients for Sargassum natans and Sargassum fluitans growth, principally nitrate and phosphate as they have been identified as limiting nutrients (Lapointe, 1986 (Lapointe, , 1995 Smetacek and Zingone, 2013) .
Rivers are important sources of nutrients. The Amazon, the Orinoco and the Congo Rivers are the three major rivers of the (Wang et al., 2012) . Moreover, there was none bloom that has been reported in 2006, year of the maximum discharge for the Amazon River, which is the most important river of the world. Nevertheless, it is important to 30 notice that the blooms and the mass strandings are generally observed during the ascending and high flow of the Amazon River (Gower et al., 2013; Wang and Hu, 2016) .
One important point to mention from the present study is that a good agreement is found between the continental inputs of nitrate and phosphate from the Amazon River and the Sargassum blooms. On the contrary, the Congo River nutrients inputs do not significantly increased during the Sargassum blooms. Thus, our results indicate that the increase of nutrients may certainly be linked to the deforestation, the increase of sediments and the continental run-off in the Amazon basin observed these last years. Similar conclusions in the NERR region are also suggested by the MERCATOR GREEN outputs (Fig. 5a,c) . http://www.obt.inpe.br/prodes/index.php). Moreover, note that pollution of groundwater and river water by nitrate and phosphate or eutrophication, which is characterized by an excessive development of the seaweed, is a slow process which has a deferred character. It means that it takes several years for a drop of nitrate to seep into the soil and its way into a river. The effects of deforestation on the continental nitrate and phosphate inputs can be felt years later (Meyer-Reil and Köster, 2000) .
In addition, eutrophication is also made by excessive agroindustrial and urban activities. It is also important to notice that 
